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(54) THREE-DIMENSIONAL SHAPE MEASURING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a three-dimensional shape measuring device 
having a high minimum resolution and a large measurable maximum value. 
SOLUTION: This three-dimensional shape measuring device is equipped with a projection 
optical system 1 1 3, an imaging optical system 1 1 1 , a reference pattern image 
preservation file 1 1 7b for preserving a reference pattern image, and a shape operation 
means 1 1 7a for operating the three-dimensional shape of a measuring object 1 by 
comparing the point of measurement 1a' extracted from an imaged illumination pattern 
image with the coordinate of a reference point 2a' corresponding to the point of 
measurement 1a' on the reference pattern image. The device is also equipped plurally 
with at least one of the pattern projection optical system and the imaging optica! system 
in order to acquire plural illumination pattern images. The reference pattern image is 
preserved in the reference pattern image preservation file 117b in each plural pattern 
projection optical systems or imaging optical systems 111, 112. The device is also 
equipped with an integrated operation means 117c for integrating plural operation results 
operated by the shape operation means 117a based on the acquired plural illumination 
pattern images and the reference pattern images corresponding the illumination pattern 
images. 
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icttflir^srjSi. ^ffii i 5±©si^©^teg<b 
©M^i'JSf £ C i tc J; K> . 1 ©H^7cJfJtt*sif-S'J 
30 ^etHi^lOH^TcffiS^H-S'J-C^^iU 

[0 03 0] /<*->aK*^«Ri^«B»©«« 
ft^m^ S**«P*KBPPfrttBl'iTBil«{ciBKStir 

*IH-*r6j«:T?#S©-c. ^©^SgfoMMtr^ 

40 ds-,T. SSa©4tia^4QC(c«:2. «g|*3©7^ 
x ©B2g fem*BK: & >D fit Jt&tfffi¥K: % 2. . 
[0 03 1 ] 15, 16 (DW-WM, RUM 7 ©fflij®^^ 

>©, *S^®1 1 5$/c«fe^Bal 1 6±^©fgmiB« 

1 4 a©H«uW&£3*vC<,»&. 
[003 2]I6li. fflH5e^«gj36Sg*>nfcti^©aiJ5£ 
*f*««RDf«©ISf*WK:!H« 3 tiltB&'i 2 - >©. 
50 *£{g!®l 1 5$fcl«fill 1 6±^©JgffeiIMJiS:jn 



[0 0 3 3] 17tt, m*X&mi 1 1. FGffl 1 

ffi^ -c* a = < a ) b . mmt mh i ©us <* Mttmnm 
t»z i-c*sjs^ (b> b. ffljmmt<Dn$&z i 
iofiozr r*.s*§£*^0T:i»s. (a) ©t§ 

FGi?l 1 4©tf'6itg«U>Xl 1 la<DW 
itt. ¥ffi2Jc¥tTJcHi*d l/cttStl/TTIEESnr*} 
9. »«U>X1 1 1 a*?>gill 1 5*T©iSSl« 
1 (x;U) (»^U>X1 1 1 aGWHoSiBtaSSl, 

Z 1 = (h 2 • 5yl)/(dl • 
8yl = (d 1 • 1 • Zl)/h • 
[0 035]SliS24«ot, C©«fc9fc§are« 

©«/hWSiy«5*ce*tfeit-rs. sc i (p©h Kttivc 
B. iaittAcD?R»«:tt6ttc> «t 5{c^#«ciR#»4» 
£-#SB£A,£-C;fc.5©-C. SCI. 5$ 2 "*i©h ©ffiBg-f 

[0 036] CCta»)©^K©SylidlK*r 

^ U - » 3 -C5e£ **^J»tt(5t± 

r**jiw*t* 0 . h LMA^mmicmtctji^m^t d 

■5. iltCiSSZ l#***t»!BJ©*§-£. 5 

lros^ffi^-f^-yyu-^i i5±©y^iaj©^© 
M& £ roraurrtc £c * «t 5 (c d l t/h 3 < wm \j ft 
wn«a:6a<tt*. c©i#^, »j5R8bi4£< -rti« 

B?©IE*«K%-5tl/$5. C©«t5{C. 8GR© 
y^U->©«/J^»t6iFG^l 14il/>Xl 1. 

i ara©gB«td i kmm&tnz.) r«tt**w*. bp 

<) T££*#&SS3©a^*5r#£c<ftr>. 

[0 0 3 7] -&C-C. *f£*f*ft 1 ©i©3#Z 1 • iffi 
t>t§#tt.. (b)K^-TJ:5K, flMt%¥Xl 1 2K«t 

SBi^Wffl-rs 0 i 2©««u>xi i 

2aB. FGf^l 1 AfrbtmdZtclrtmisXEmZ 
tlX^Z. CCCBd Kd2T*5. ^©fte©\fi£II€ 
tfcB. JHfcMfcWfil 1 SCI, SC2fc. 

Z14Z1' <!:, dl*d2i, Syl*Jy2ii# 
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*U) . Jg®U>Xl 1 1 a*»6¥ffi2*r©IH*tth. 
«'J3£*t**J 1 ©J& 1 a ©¥ffi2 * *E>©Sf3 B Z 1 "C* 
■5. »JS*r^l*5¥ffl2±{Cg*»n/d**, *£&B1 
1 5 ±©.£ 2a' BJyl rtittSH-lfciS. 1 a ' fC^«j 0 
fc. 

[0 034] 0cfJJi»U>Xl 1 1 a©4M><*:j£l a£ 
4*£.&8l#¥B 2 £ ttm- S.£4 2a" £ f ftB. * 2 
ai*2a" £©i£8tDB. EMla' -2a" -1 

I 1 aiZ»2a" -2 a - 1 1 1 a£K&g-Tft 
10 B. D = S y 1 • h / 1 1?4 K> . HftJf* 1 1 1 a - 1 1 

4 - 1 a iHft»2 a " - 2 a - 1 a Ki£@-TftB. D 
= (dl •Zl)/(h-Zl) -C*S. C©i5SW»6 

1+h-fiyl) -SCI 
(h-Zl) -SC2 

[0 03 8] ( b ) KB. ffi^«je»att*flHfe*¥* 

I I i rB^fiKi/fcig^isssiir^or**. -e©Jg 

o-B, *§tfcH±©»^©&««B 5 y i 0 . z r 
20 *5/Jn$<, gfcd 1 <Mn30©-C. SC2*^6^5J: ; 5 
K. 5y 1 B'J^t^fili&O. BB3R*-< X*>63S*S^- 
«^*T[H -jtll 5» -e C t»M?^ 1 1 2 T0Jj)E 

©-C, SC2 (?Ej»©fi&tfii4 0t. 5y2= (d2 • 
1 • Z 1 ' ) /h • (h-Z 1 ' ) ) t>>t>ft1r>Z&*> 
K. Zl' *5/jN3L^4d 23^ffi®-rSC<i:Kfe») 1 + 
^KAtl^y 2#f# 6n^>„ 

[0 03 9] C©«fc ^ K*l6Sfi©^K cfcftB. #.'JS-r 

^•#flS3©f -c^s £u>^#A-Src>»^-e&. BP^ 
*>. >PtM-rsci*5-c^^ o cc-rBjS^7fe^42<i 

D. 3 6KE^®H©lS3?:*/-!--rSCi*^#S (> 
*>^5^«K. SPgfl«jK!Efil4A# < 0fcm4«±© 
IMoe#3ft*E«LrtJ:t>. C©»^, gggi©m>» 
6«#K9J5©tef^«J©lS3 4«S O . 

40 ffltUL. ■e-Oflfi^ccoOTB. ^K8B(B©St»fiig©» 

[0 04 0] ^8©te^ffi© 5 Fffia4#ML/r»2©H 

*©^»*»iH"rs. » i ©H^©^fi§-eB. 

?fk-e$>2> F G*^ 1 1 4 £JM13&¥X ill. 1124 

lotoiaMLhKKB-r-sw^-cittWL/fcw. m2(omm 

©»«8r«. ttflat^JRl 1 2 (ig^ffil 16) 4FG 
JRT-l 1 4 36>6jaT»«*^JR 1 1 1 (fSiftBl 15) 
©E«*l6)Kaftite*IfiltcBB0r**. {lb. FGIR 
■f- 1 1 4 2»6 2 o©aHR#**S -COffiH dl, d2* 
50 Hft&jABfll 1 ©*Jfi©^aS£lalfi&-r*S. S§Sf d 1 . 
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[0041] igossi^ior. 03©fiJg©0 

B^±^CC, If^SiU©llfflCCDW5 
111, C*i<fc— Ki^_btcsggf d l£6->T^£->fS: 

t o-c©»a«*s 113. ra*d2**>-*-c 

[0 042] 1 1 3 1 18K 

B. 5>:f*£iSBl 1 9&Wm$tiX^2>. Z4 io 

s>^msei i 9&a*. ccd*^7 1 1 1 tm& 
wmmm.t ox<D-mw^m 1 2 0 tftea&stvcv-s. * 

-f5>^|g£^Ml 1 8tt*-f 5>y©#*«^u. n 
j^btBl 1 3tl 1 8 4SS{c««3-aS. 

5 > vmm*. 1 ivftst^a 1 2 0 cc taifi 

sn. iw^i9*si 1 3wmtbx\,>?>£%o>m&tM 
^aaaesi 1 8*%*i/ti,»s£s©B«i4*KOTt, 
r , vss«s 1 2 0 DW*) i&tr C tai-r * s <t 5 KfltliK 

[0043] commemmviz. mw&frmt 1 -3-c 20 

0 . £©>•? * - >^U^^ 6 tHW b fcJWW^ £ - > 
*>4E«iJ-r-S.Ci*s-C^.2,©-C. HWWKSiffgd©© 
5 ©it 5 *«©»B£3R*1tJ3W- 4 C £ **r * S. 
[0 044] § tncmw?ti&. mz.lt* A 5 

&mi i 9*»6a*si i 3*«*3**©#**si6ti 

■S„ ftltll^tcCCDA^v 1 1 i©->+y*-&ia 

SWS{t#*CCD#y5 1 1 1 K&^TMUfcflHBr 30 

«#ia&*is©r. sjobki 2orw. mtifSbES 

1 1 3#s#ofc±*«-£©«8lgd l-CiSSS©W-»*ff 
5Ci**a*4. «36«1 18 ©»£«>»#« 1 13*5 

[0045] c©<t ^ tc-rnti. sufe©0«g 1 x&^tc 

«fc5fttHr?, lS3©fil>«Jft:*>6lSl^ft:3;r©=^ 
7a&KtHM*«-c*S. cct, flb&ttfeSi 13. l l 40 

•f £ J: 5 tc 2 tJtSfcfc £ a xs© 7 t -Y - ^ u - -r 

N«ti'»5Ci#t#5. 3Efc!5bteStt2#K:iH 
6^". 3^«±(cLTdl«t5II,««aM>d2J:Dfi 

[0 04 6 ] COi^W^t. lMK*^*tlt«*# 
^<fc©^#WcC£2o©iIit!a5f#6n6©T\ ^1© 
Wfi©Jf^©JS^<fc|S)1ifc, fflfett&moHtSicfcC so 
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r, €-n^n©ifflflSE©»^«(iSi»5 yii*y2«, 

hCtifiX&h. 

[0047J110 ©iSI4#iLtI4 ©StJte©^ 

r*s. c©SU6©0ffi«, »«t3fe^*i*ioT*s 

#s. ^WftSS!l(cMW^ - * - > -5>C iSCJ; 

b . £ - h mmucmm^ * - > 

#>£E53'J-r&c<i:#s-e£&©-c. %Kttic£*5d©fi 

3 ©it 9 «&©iM3£**fl&£f S c <t #r * 4 ©-c & 
S. 

[0 04 8] 0*. *WlttlO»tc4*4Jllgt5# 
&£bT©. R*(b^mWfi6 3 0nmO#fi 
36) *J5d^-i-4H^ElSbt»l 21, (^-«^« 
i&S4 7 0 n m©^fejfe) *S»-r*«S»*S 1 2 2 
#s. *7-CCDW 5 1 2 3 <h— itSlbicffiSSftT 

W5123 tJ9*S 12 1. 12 2 ©8§iSt». 
f^ndl, d2t*5„ *7-CCD*^7l23 

ccra. #y v 1 2 3#>6©fa#4Bi»3i£A/c\ R. G. 

b 4esij l xmm-r zm&giw. 1 2 4 &mm s tir t» 

So 

[oo4 9]#e3titit(j, u— »f*>. jis©afe 
[0050] c<Dmm<Dmmxit. m.g&%m 121. 

SKSnfc/^->B. *7-CCDW7l23t» 
*7-CCDW7 1 2 3©R*tBMfiSt 

zccnm+icgftzftx. u>Kni^ yji-mmt 
Lr, 2-o©^sia^<!:brE:siJ3nrs»^si 2 
4tcm*$ns„ ft)ts«R*iB3t©a*^t)-e«:is 

[0 05 1 ] WKOKS 1 2 4r»e»(C»B«aifl#>o 
r^S©f. ^l©*JS©JKS8ilHl«(CLT:^Jft:©H^ 

Tcff^^S'J^Stl-So *7-W7l2 3(C«, feftfc 

S*TSCCDjR^-?:ffl^L. S"J ^ © C C D JS^TfeS 
©ili«E?:»#-rS 3 ffi.5$tl&(DC C D*^±{C|eC/c 

si? 4 )\y^m^x^M<Dm^m.mh 1 

s*s. ^<DE%h^nm^xh^K 

[0052] *9m<D&i&x-it. trntmrntcA^x- # 

2 o©j9:3fc«©*ti^n©jSfi©»*©*%«^-rs* 

y^*#SlJCC«fPL-CfcctU. 7 8 0nm£8 

4 0 n m<D&m9mytXMW?ZW€i, ® l l «c^"T J: 

5 ft -5 =5rJBC 2 o©iggK <fc 4 5? - E 
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»«LT»*T*Ci#r*S. 780nm^840nm 

[0 0 5 3] 01 1 £#MOT, *4©**©»l»rtf! 

CCD^7l23tt, »«U>X2 0 1 £'-tftfc<fco 
r«3g»*« 1 <DMfc*J&fiW- ^CCDS^2044I 
ffiftl/>X2 0 1 0 4 iOlBKtthf 

-AX7'y^2 0 2M^^^rt$R (U* 10 
F) 367^^20 3 3&5C<DJI[B#rieB3ftTl>So £ 
/ce-AX7'«J ^2 0 2CDS*t*l^^c«SrjcD^gy a 

[0 0 5 4] C(Di54»SO*7-CCD*>7l 2 

^2 02 *»»l,fc:)6*R#:7 ^^2 0 3 WCi 
CC<fcoTCCD3R^2 0 4CCSffeU BT^f^Sft/c 
tf-AX^li v*2 0 2rS^$tl/c7c^ 
Bt£^ ^*2 0 Sfcffi-rciCCj^TCCD*^ 0 20 
6«£^TrSo CCD^2 0 4, 2 0 63^6OH«M 

[o o 5 5 ] a*5ia l l©*^ ^ri^, fc'-Ax^y 

ItWl^ M^tfe-A^7 , y^2 0 2iR*7^ 
J^2 0 3 iOlffl&C^EI^CDtf-A^^y ££:}fA 

SfcEa-rs. «waaae»<ti/Ttt, R3t«#», bt£ 
[0056] hi 2©«4aia*#flaor, iss^i®^ 

So C tf^S*© h ^ 

e>ns. m&ummw 1 3 4*iDWitsi*#o^*;i/ 

CD^MCC, tgt&%&&£bX<DCCD*rj*v 1 3 3, C 

H13K 8B8td 2 CDttBfcH D < flUHfa^M&S 1 3 2 40 
ifi. ^H^Oh^uo^c^fftriffiKJKCclBBStiri^ 

So 13 1, i 3 2 ^n^nn 2 

[0 0 5 7] S?dBj££&fc8 1 3 1 H*iiW2fi*g 

(sat) ccwftt#r«i©«**ajis**ffl*«i 3 1 

a*. Wj5«3fc«13 2«\ WEiffiB«:ailtt*W©iH 
Wi(DHir**i«<ifCTfe<fcl^, fi^tS! 3 1 a, 1 50 
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3 1a, 13 2 att»tt4ii)6*fiI*Wra©r, 
StcH 13 1. 13 2B, 5l>CC**«JttK<D»ttS36 

[0058] §13 HI 2©gttfffl? 

n^ccD^ ^cDMf&mzmw-fZo ccd#^i 

3 3tt, 3S^U>X2 1 1 £*fttCcfcorfflJ^*8jl 
©■t«r*W6CCD**2 1 4 »fi£U>X 

2 i iiccD*?2 i 4 £©ntc««*tr-A^^y 
?*2 i 23&«B3nru*. (BEtr-Ax^y **2 
i2tt, H*ttfflccw&«**fir©*taaiy, «e 

CCD^2 1 6&EB3*Vt:i)S. COWttt, ®tc 

So 

[0 05 9] CO<j;^j:»CCD^7 133t 

131 (Hi2) ra^n^^^> 
tt{B3fctr-Ax^y ^21 2*aa-raor, cn^ 
ccdi?2 i 4ccigfcu »*s*8i 3 2 (HI 

2) r»IB3tifc^*->B«*t-AX^ , y y*2 1 
2tSW?h^Qr, CC5MCCDff 2 1 6tct£ft 
TSo CCD^2 1 4 V 2 1 6^6©H«ffi^«, H 

[0 0 6 0] iU^riiU, HI 3r»93lfcCC 
D*^70S«^»S. CCD^7l3 
3att, 1«U>X2 2 1 £-€-tl(CcfcoraU5£SE**»l 
©■MMtSCCD^2 2 4*«*.. «iHU>X 
2 2 1 iCCD$^2 2 4 tCDmWZV- v £ 
2 2 2#KB3*vri>£. ^AX7'»J y>2 2 2«, 

r^aML*fcJKif-r*. e-Ax^y^222ic 

CD^2 2 4i«at H*«ffiKlWftt«**|Pl 
<Wt*aaT4ffl*7 -f JU^2 2 33W»AEB3tir^ 
So J/ct-AX7''J -;>#2 2 2<DJS*WrftlK:«CCD 
2 6^SBa^nrfeD, ^AX7'V^222 
tCCD*?2 2 6 £©IHCC«, H*«ffi{cSii[3tciB* 
^(7)KaTa«7^^2 2 5#»AEB3ft 

r^So 

[0 06 1 ] CCOct^ttWflcCDCCD^^^ 1 3 3a(D 

ftmmmz. mi szmmvxmwLtcccDxs? 1 
[0062] a*$co«^feHi irtt(BUft:©<!:ei« 

fame, 3o©CC D^Kti^M^^/clW 

issnSo c©<fc#«<ij6*iai»9oisr«tt<. 30 

[ 0 0 6 3 ] H 1 5 ©«&6%»»H*#JB0T, #»93 
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tmt£ *) . hjS/< * - >Ttt«c < met* - 
r<Dm.i;mm^Ltc^i<Dw-m2^<os^. mis. 

IMXYZ©iO*, JifiOfc^l 1 l©Jt&b>X 

1 1 i a©iea. *£«ffi (-fj*-y7'u-» 115© 

[0 0 6 4] ¥ffi2*>6!Bf|iU>Xl 1 l a i^SBSt 
t?. Ji^U>Xl 1 1 a*e>Y#©fi©^IfiJfCl^(itd 1 
/cWBWifciC^K. 77^ , -^-f^>i'{F 
G)*^14 1 *raS*lTC>*. F G*f 1 4 1 KB 
U— !f-*L 1 ^Ztt*r6jKA*f^n^^. 02©t§£ 
il-^t, JE#te-?tK-Ct*& < WcaSWMKciSWS *i 
?c!i«©;^->Wffi2 KfiiSn^. HP*>, 

1 1KB. llHfc^^&JPttAtttc&tftStl 
"cvs„ 20 

[0 06 5] 3 <bK F G*T- 1*4 1 #> eHflOfc^* 1 1 
1 ©#[*•] Ki^gid 2 /cWSttl/ci C6(C, ^F0^©»# 

*^i i 2*igBgsn-ri^ 0 SMR^jfii li.i 

1 2 tSttiWC.' SfciSSiig&Tfcig 1 4 1 ift(C. ¥E2 K 
¥fTttffl*±K:"EK3*rCt»S. S/cSElSfd Kggi»d 
2-C*-2>„ 

[0 0 6 6 ] C©i5ft«S«^$->4&il^&^3§ 

B, m2<D%&tmm*%7 7 hi. 

M2 KftFGI-fil-it 1 Wctf¥I2 KWK 
(ZfAKiSmc) *Egl//cfe©-CabS. C©FGIR-?-l 30 
4 1 K. l/-f-*LU, zwsnajKAWs-asi. 

U— if-*L 1 ttfl* ©#7 t -M-©j&U#ir»Kfc:|ft 

K, Wt?«BHKc»«^'f Ulai urfi^s 
[0 0 6 7] 016©. M®ffitcBl&$tlf£.im>*Z- 

fcUHBTS. «*|-e$>-2>©-C. — }J|6JK;sl£u/c>'^•£-- 
>'^ , ;i^>s.££|&*:^«\ »i©^©*a^»wofc<D£ 40 
ra«ttftfli*wr«. bp*. Hs%©«fc^(c. ^£©&& 

miSMMWlt* 1 K«fc 0 . «fi8l^*->MgSt*, J/dWy 
W^K^HrTS. C©JS^Kfc»jS©tB^iPlfl|KiC 

l. s:2*5jiffl-c#s. W5i i2K0essn^H^ 

[0 06 8] 9 hft£<£fflL)*c 

f£S©ifi.^-cx >; » h m&wgm&ms&.-v # & ©t . so 
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«.^*ta:K-r€.i©^Kit^ry*i6j©^)s«g*[aj±-r4 
©H^TnJBt^B'j^K t*»an?* 4 . 

[0 069] C©<fc5ft»«U'f*-> 

inoTfcjao 4&i5-r-s&©£i,-ci*. @fffts^ 

3tKSiWL/fc7 t ^^*«KSSL-C^-<-C|iIi(ftg^i 
©flfe. */'J>F'J*JH/>XrU-f, */c*«K. 

«&©* y 9 h*^PtfKH^^6n^x y ? hS^fflur 

[ 0 0 7 0 ] 0 1 7 ©fflMS^Ml/T. JS«S5fe^S5* 
fctt>t*-*>«i?*T** 3J£U:«*.**£*Bi9!-r 
4. #0t*. 11a. «iS[ (3fl0^) © 

««-*#£» 114 (n). 114 (n+1). 114 
(n + 2). »3Z1. Z2. z3*wr4a«Be«*«i 
1. TM2iOH«4X*jWiajK^ykflBiHia'C*4. C 
Ct?3ffl©fa^*^KOC>T«, »&b>Xl 1 1 a 
*»6©ra»tt. &i5*?«l 14 (n) & 
^fc^Jfil 14 <n + 2) 3Wftfcjttr>fc©£TS. £fc 
ffi$r^KB. Zl>Z2>Z30i»*5t>tDt-r 

[0071] t©flj-et*. $fc-r»3z i©i*tcout 
t*aiK***i 14 (n) K.xi>^^-^m^.i<cmi5< 

m*zmtii u -e©ta.^©it;3 z 2 k-^-cb&u^ 

m (n+ 1 ) K:J:S^f->B«Cc-S-^<«JMS*48 
JBU JlS3Z3©fl&jaKO(,»rt*i9^^^ (n + 2) 
K J: * ->H&K»-3 < "ligCilS#4Sffl-r S £t> 5 

[0 07 2] C©*^KT5t. jffl^J&TJl/^yXA-C 
«»©*«g©a^if)S©^*4^-r5 C ijWr*. 

[0073] cct?Bfje©fB£tt. -en4S^.r©< «c 

6 1 *S^E±©.^.©^U)» 5«!CCD*>7 ©H^ 
I » <!: C 4 T ^C©fi«**» tcWOMii 5 j&J C 
»^±©fSPS4S8A-r U * 9 <fc 5 ftffit ©WOfflKJg 

&nt*J:c^ 

[ 0 0 7 4 ] m 1 8 £#MLT. *^BJ©IH^a#© 
1 1 7«. JfJ«?SmgPl 17a. S*H^'$->ii]^«?? 

7r^;n i7b. m&mmsn 1 1 7 c 4«x.rc»&. 

a*H^>-^->iii^#7 r -f;n 17bKt*. ¥ffi2 
(0 1 ) K^f* 1 *iB*>*lTI,^«cl»£lr©»*A$-> 
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[007 5] »*/<*->BH**Bl»)&t»K:tt. 

^•5. ^(CCCD*^7l 1 lT¥ffi2±©M-£->£ 
^MftHJft £' ©H^M^ffi &c «fc 9 ».£©S'fr©J^«l 
l iffl©S?$i^'#->iii&£i,-c»^ 

CCD*j(5 1 1 2ffl©SIS^*->®»iL.r 
I»^$->I®gff7T'f;H 17bKg#t5, B|J 
%COWTB. H*&#7 yA>\>\ 17b K«. BHfcR 

■SH^itb^LT. f*-*«*^&<r*fi!#«i#S:a& 

[0076] ifctc. ^ft 1 ifiW-MiCSiPti-fiLtm-C. & 
iS&XM 1 1 3 (C<fc 0 - >*¥ffi 2 (S» 

1) 1 1T?I2 (Si^fttt 20 

1 ) ±0'**-7 »fltSti;fc^if-->;&. 

[007 7] PMiK: L-C. CCDW71 12 
T. W*l©ffi^tt*©S3Z2*3fc«>S. CCD*^ 30 

7i 1 2 J:9fcKfit©g^3©#y5#<f£6n-ct,> 
*i#w. cn*ffl^r$e>cc<soia.^©iSS?:5R«t>€. 

[00 7 8] C©cfc-5&Ct,-Oj<3t>6ft7c, t^ttl©^ 

©wsmni*. §fc£S5»asi i 7 cecity cne^ 
©rMfc&ujE-rs. 

[00 79] 3£^^->ffl««#7 r ;H 1 7 b Gc 

^M2 ©ff.#y^ # - -f ^ -y-cssit t>& £ # 
s - *jm*m±<Dtmv&imM s y *tnrr 

£. S3-Ct3:. 17B, 2-0©*^^tCl-^ 

<ommms.. ccd*^71 i 2ffl©iH#«M*sijv(c 
fit* . mtt*&H©»jN&R&ti£-r sss 3 ©vnm^g 

[0080II9KB, *&?8©SQfi©J&J££ h-fl/K 
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[008 1] Sfc. *jR©«[«iftfi*^I«*J!5W©iRfi 
[008 2] &*rfg<i!3gT-©#l£ UXIZ> CC D©ffefC 

cMos^iS©^=&ffifflbr^j:t> 0 Kficcneo* 
fcti. jR-T-BflEtc? u-Arangt-?»-ffl{b©«tE*«A 
7c&©#*>9. Cti6©*^-©ffiffl«S?a-C*.2) 0 
[008 3] 

CHJSW] SI 9*#i(,t, *^©H«601(*SiWr • 

e ©i«£ffl«0 3 ©Mffl.HRo'0 4 <DV&tatcnk+ 

K. &P5t£¥* 1 1 3©m*fffll|BP%FGS^l l 4 MR 
tfCCD^y? 111. 11 2©^U>XflPJ#gBM© 

[ 0 0 8 4 ] m 7 fC^-T J: 5 tt-raHtt-CttE&K«E 
iiSntl^. CCD*y7l 1 1. 1 1 2 ©iSS&li 1 
15. 1 1 6±-C©iW*©^S!j«5y 1 , 5y2«. 5$ 

[008 51019 (a) tcXmfcW 1 T?f# htltc?- 

ISlt,'h = 20 0 0mm, 1 (X.II/) = 4mm. d 
l=30mm. d 2 = 1 0 0 mmlcWffeLtc. m<D^iC 
Tfk-TJz^iC. ZOiKiotSyl, Sy2«. mt~t 
MWSfcC C DS*^©iS3Re ^SJlO/xmf 
&&©r, cn*#ffi-r-5<k. CCDff 1 1 
{J. Z#2 9 0 mmU±.<D , m&X'r£^tmi£.X'%tji^ 
i)K CCDl^l 1 6*5^S©-C. Z*H0 0mma± 
©!g}i*S-ca'J5^C#4C<!:{C&i. CCDSf© 
x#*[Sj-y-'{X?r7mm<i:0'r. J5KCC{5Jfc^^i^xW 
^■(fij 2 0 ffi*5* S i {S^-T -2> i . C©#[Sj© 
»*WH»3 5 0ymaS-C*4 o ChSWii. 
CCDf^Fl 1 B-tcW-CtemZZ&l 2 7 OmmOT© 

1 1 54i*5fflt, i!53Z7!»U 7 0 0 mmt-lT©^* 

faij^-r^e,, ^ctj, cn6©-®@«=j>e^--#©v 

[008 6] *3e»WCB!5t*Sl 1 3. CCD 

W7in, ii 2&&mft<icmA,x-^i£&. mm* 

l©Se5fiWI-cSi?)!U)t©i|^«K:. ies©<gof5^6 
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j»t»««**'rauer*c439»Bii6K:tt«. fiu ccd 

*^F-CDxtt, y#OieB*fS»C<fco-C«. m*l 15. 
"C. 1 1 5. 11 BJfimMtCHtAs-Ctil&Sti-C^Z 

[ o o 8 7 ] *mmm~eit> ccd* M^zm^tcfim 

1 <fc<3 3S^*^S^d 2<fc9fil<>«i!£lfi£8lJi£-f ££. 

[ 0 0 8 8 ] 0 1 7 -CttWl/fcJ: Mc. «lB#¥3RSfc 
K*«*t8***», WC 3 «±«*. £^B©Si JSM£ 

[0 0 8 9] *mfom-cu, msvDmn^m>ii<D®# 

2 0 0 Omm, 1 (x;l>) =4mmiL. d 1 = 3 0 m 20 
m. d 2 = 1 0 0 mm, d 3 = 3 0 0 mmi Utc. 

[oo9o)ii9 (b) ©*(c, ^mmmvnhtxtc 

[0 0 9 1 ] CCT\ Slifctffll i|S]«(CCCD^©iii 

_tT?3 5 0 ymi-T&o 
[0 0 92] 01 9 (b) ©^{C&l^T. S-T^feJCS 

^isi©si- >«^fc>-e©wfea> 6 ©is § wstmzk*** 

CCTIt. SiKSd 1 ©ifi©i5f*if£S&SS yl* 30 

©stew. %cca«Rs<D^b> {^tm>mm&t:*iwx.& 

i^KSfi) «£*>tt©iI»Jfe&©W3»**#*.*© 
T\ ■€■©— Si^Sy^ 1 0Mm©i#©fli3Z = 2 
90mmitl>i, -e ©ffiJi(T©ii5 3 ©$'J/£«. 

*n««tC^©-C. Sy 1#34 0 Mm (<3 5 0 Mm) 
"C**. Z = 1 7 0 0mm$-e®tepjffg-e&£<, 
[0 0 9 3 ] SjISgd 2©i«^*)|^1ik:L/-C5y 2 = 1 40 
0 (/ m®£ SOBS Z = 1 0 0 mmS tSIf ^. ^ 
n«T©K3W. l5liaiK:L<T«H«d 3©jffl-^to1*©S3 
m&gfrhSy 3 = 1 0(im«±, BP*iSy 3#1 2. 
2Mm-C&.2>. Z = 4 OmmfcLh©^©'?-^^ 

[0 094] c©J: ^ ccASfflS-j-tiK. «&©«;* vflte 

*3?JtW-CBZ = 40-1 70 0 mm©iiS3 ©&**&«« 
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1 #©W*»*»-Ctt*©fc*>©SC*;K* K^HLr 
[0095] 

a^m^ro-sor. S^S©S 
& SffiK©arJ^S*1ifiE-r S C i *J"C # . ttft©R& •£ 

r. Ktf#3nfcatfe©>'^->ilj^iJ:b©-r^C ±#-C 

i>m < fixate Bjte^s^cfii*^ # c » =#osgKa»ee 
[HiB<z>m#&K>3in 

[Hi] 1 0*J60»*r*5=^7C«tt« 

i^«©*29tfJlSffilHr* 

[H2] miOKSWOJKJirfflC^FGJR^SBiWJ-* 

[03] FG**£2ffl©#y5*«-r5=aSc?BttW 
5^g©m0T*S„ 

[04] mi©HSi©0S8-C*SH^7C^«Ste^a-C 

fli^s 2 <i©ai«3t^©iis«ffi*iR±fi«jtc^-r¥S0 
[05] »ce««{c«^j)si»t»^©«.^'«*-->o» 
[06 ] mfeMWKmwwmzm&DM&'-iz -xom 
[07] wjmmtovmz t&»w±(m&<D&9}>t<D 

[08] S*2©^©»»T*4=&7^ttWSE»rc 

[ 0 9 ] m 3 ©ios©»»r * s ^XTzxmmmmmo 
[0io] »4©^©»ar*4=ac7c»«»j®6B 

[011] f4©Hj60f5lTl05*5-CCD*^ 

7 ©««ct m^mmmm r * s „ 

[012] ^5©JliS©^-Cffiffl-r?>*^7i2ffl© 

[013] msommoBm-cm^z*!* ^om^m^ 

[014] *-5©S(at©JBlKrffli»**y7©Bije!X»JsS 

w^in-r«^e : j»fa0-c* 

[015] *^B^O06©HJg©^f$,SH^7Eff^ 

»j3©SB©«ta:a«i«aiar * s . 
[0i6] are ©**©»«»©/< jf->a«i©sii8*-r 

[017] mmft¥m£tciz^i'->mz]t¥m*3y. 
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* 1 1 4 


F GM^F 


LIM 1 8 ] mm?&W&<w: iuto^^ta - # CDiw^xFij 


115, 


116 fiHgiS 




117 




[019] 2o(D^Jte0^(Dy r --^CD^^-r0r^)^> o 


1 1 8 






1 1 9 




1 aKJt**J 


12 0, 


1 2 4 


2 iH£ilH« 


2 0 1 




1 0 =&70Btt8H5e*BB 


2 0 2 




111, 112 


2 0 3, 


2 05 


llla v 112a JS&U>X 


10 2 0 4, 


2 06 CCD*? 


1 1 3 «JB*^R * 
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[0 16] 
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[07] 



(a) 

2a' fi.i la' 
d, \]| nia 
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2a" 1 \\ 2a 
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fur 112 

II 112a 



-*4 41 v 
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-G 
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120 



lis CL ii: 

b I—, ~1 d 



-111 



\ / 




1 1 ] 



123 



201 




202 203 




4-4 



205 
206 



II 2 ] 



134 



132 




1323^ \ 



133 



114] 



133a 



221 222 223 









I 





224 



4-/- 




^V-225 



13] 



133 



211 212 




1 214 




I H"— 2H 



[017] 

11401+2) 114frn-1) 114(n) 111a 



\ 



\ \\l 



(IS) §^2 002- 1 2 24 1 6 

[015] [018] 



140 117 




[019] 



(a) 



Z(mm) 






50 


1.6 


5.1 


100 


3.2 


10.5 


290 


10.2 


33.9 


1270 


104 


348 


1700 


340 


1133 



h=2000mn\^4mm,d 1 =30mm,d 2 =l 00mm 



(b) 



2(mm) 






0y3(/*m) 


30 


0.91 


3.05 


9.14 


40 


1.22 


4.08 


12.2 { 


100 


1.6 


10.5 


31.6 


290 


10.2 


33.9 


102 


720 


33.8 


113 


345 


1270 


104 


348 


1044 


1700 


340 


1133 


3400 



h=2000mrrU=4mm,di=30mm,d2=1 00 mm, d 3 =3 00 mm 
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